Deep structure of the northern Porcupine Basin from wide angle seismic
and multichannel seismic data
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1.
Background
Background
B)

3. Modelling & results

A)

RAPIDS4

The coincident seismic reflection profile Wire 2 was used to better constrain the sediments near vertical reflections observed in OBS/H data. The figure above shows the ± 3
km offset region of OBS/H 51 to 69 overlying the coincident seismic reflection profile WIRE2. Picking of travel times of sediment reflections (coloured circles) was done taking
into account this image. As a result, sediment reflectors retrieved from WAS data fit very well with the corresponding reflectors observed in line WIRE2 (see section 4).

C)

NR: Neogene to Recent post-rift sequence
CP: Cretaceous to Palaeogene post-rift sequence
J: predominantly Jurassic synrift sediment sequence
PRB: pre-rift basement
PSP: partially serpentinized mantle peridotite
M: Moho
RAPIDS4 Vp model from O’Reilly et al. (2006)

The Porcupine Basin is a tongue-shaped basin SW of Ireland formed during the opening of the North Atlantic Ocean (A). Its history of sedimentation reveals several rifting and subsidence phases during the Late Paleozoic and Cenozoic, with a particular major rift phase occurring in Late
Jurassic–Early Cretaceous times (B) (Calves et al., 2012). Previous work, focused on seismic and gravity data, suggests the presence of major
crustal faulting and uppermost mantle serpentinisation in the central part of the basin (C) (O’Reilly et al., 2006). However, the northward progresCalves et al. (2012).

sion of these processes is poorly constrained. Here, in the framework of the Porcupine Basin project we present the northern deep structure of
the Porcupine Basin from wide-angle seismic (WAS) data acquired along line P03 (A).

2. Data & method

C)
The layer stripping strategy is used in travel time tomography of OBS data to account for geological interfaces that otherwise would be a smoothed as gentle velocity gra-

A)

dients (e.g. Sallares et al., 2013). This strategy proceeds by building the P-wave velocity model layer by layer, resolving at each step the velocity and depth structure of each
layer, inverting seismic phases of the different layers from near to far offsets sequentially. The images above show the resultant P-wave velocity (Vp) model at each step of
the layer stripping sequence. The seismic phases inverted at each step are included in each model as well as the RMS and χ2. Green, orange, pink and red lines account
for sedimentary reflectors, following the same colour code as in the first picture of this section. The yellow reflector in the margins and the thick blue line correspond to an
intracrustal reflector and the Moho, respectively. Yellow circles depict the location of OBS/H.
4000

After 1 iterations
After 10 iterations

Counts

3000

2000

(A) Record section of OBS 59 after deconvolution and band pass filtering. Overall, the
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processing improved significantly the S/N ratio and retrieved signal up to 100-120 km. In
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particular, the deconvolution also improved the signal in the water wave domain allowing
to identify sediment reflections in the near-offset area of the record. (B) Record section
of land station p02 installed in Dingle Peninsula. Land station data only required a band
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pass filter to enhance S/N. (C) This image shows an example of selected travel times in
OBS 59 record section. Coloured bars in the lower panel show the uncertainty of each
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pick, while white circles represent the synthetic travel times obtained after travel time
tomography. To constrain the interpretation of seismic phases and the lateral consistency between receivers we have used the forward modelling approach presented by Zelt
(1999) using RAYINVR code (Zelt & Smith, 1992), as well us the coincident MCS profile
WIRE 2 (see section 3). To perform the inversion of travel times of refracted and reflected phases we used the joint refraction and reflection travel time inversion method pre-

Once all OBS data were satisfactorily fitted, land station data were also included in the inversion to retrieve the P-wave velocity structure and geometry of the Moho (blue
line) towards mainland Ireland. The right pictures shows the Vp model along line P03 after including land station data. The Moho shallows basinwards from ~30 km deep to
~15 km below the Porcupine Basin, where it deepens again towards the west. On the left, travel time residuals of this particular inversion are displayed after 1 (red) and 10
(blue) iterations to show the good convergence of the inversion.

sented in Korenaga et al. (2000) using TOMO2D code.

4. Comparison with coincident reflection data

5. Comparison with well data &
previous refraction data results.

(Left upper) Bathymetry map of a portion of line

TWT

P03 showing the location of well 35/21-1 (red dot)
and the intersection point with line P04 (green
arrow). WAS data along P04 were previously modelled and presented in Hauser et al. (2010)
using forward modelling. (Left lower), 1D Vpdepth profile of line P03 at the projected location
of the well (blue line) correlated with the well Vp
profile (red). Even though the velocity structure is

WIRE 2

significantly better resolved along the well due to
the resolution of the method applied, the main
velocity gradient coincides significantly well between both profiles. (Right) Correlation of the vertical Vp structure of models P03 and P04 at their
intersection point. Note the good match between
P03 and P04 velocity steps in the sedimentary
region at ~ 2 and ~ 3 km of depth (red arrows).

TWT

6. Conclusions

WIRE 2 + P03(TWT)
(upper) Post-stack time migrated seismic section of profile WIRE 2 and (lower) TWT-converted Vp model and reflectors overlying the seismic section of WIRE 2. Red arrows highlight the geometry of a major half graben structure, while white arrows depict the location of high amplitude reflections in the seismic section related to the Moho boundary. These later reflections coincide with the location of WAS-derived Moho reflector in blue. The sedimentcrystalline crust boundary across the basin is laterally rather heterogeneous as it follows a pattern of rotated fault blocks, which might explain the absence of clear relfections in the OBS/H data. However, the top of the crystalline
crust can be correlated in some areas of both sections. In particular, at CMP 6500, a major half graben structure seems to be defining top of the crystalline crust coinciding with Vp of 5.0 km/s. Based on the location of the Moho
(white arrows), this particular area of the profile (~ CMP 6000-6500) seems to be the thinnest region of the crystalline crust along P03. Receiver function analysis (Licciardi et al., 2014) show that the Moho depth below Dingle Peninsula is ~30 km deep, which implies that the minimum β factor across the basin axis is ~ 5-6 that is ~3 times larger than previously estimated by Tate et al. (1993).
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•
The velocity structure along line P03 compared to the coincident profile WIRE2 reveals a 7-8 km thick sedimentary cover mostly composed by postrift sediments with Vp between 1.5-4.5 km/s.
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•
Crustal thickness variations
profile cannot be assessed as no sediment-crystalline crust reflector
is retrieved from the WAS data. However, we are able to infer minimum crustal thickness, and hence, minimum
stretching factor along P03 integrating the coincident reflection data. The crust seems to be thinned up to 5-6
km thick, which implies a minimum β factor of ~5-6.
•
These results reveal that the Porcupine Basin is significantly more extended in the northern region than
previously thought and that has direct implications on formation processes like major crustal, faulting, mantle
serpentinisation and basin uplift.
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